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(57) Abstract 

A fabrication tool integrates one 
or more electrodeposition stations (14') 
with a CMP apparatus (16'). The 
tool may transport substrates from the 
electroplating stations to the CMP ap- 
paratus without an intervening clean- 
ing step. In addition, the thickness 
of an electrodeposited layer may be 
measured at a metrology station (86) 
prior to polishing utilizing an instru- 
ment which physically contacts the sur- 
face of the substrate, and the measured 
thickness may be used to adjust the 
polishing parameters. Furthermore, the 
fabrication tool may have a single in- 
terface in which a dry and clean wafer 
is returned to the interface. 
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S[isS?Ig D ?f?Kn R ^5 ISrS^ PR A ISING ELECTROPLATING, CHEMICAL-MECHANICAL 
POLISHING, CLEAN AND DRY STATIONS, AND METHOD THEREFOR 



Background 

The present invention relates generally to semiconductor device fabrication, and 
more particularly an integrated tool for performing electrodeposition and chemical- 
mechanical polishing. 

Some semiconductor device fabrication processes require a planarizing step 
following a metallization step. For example, in one well-known dual inlaid process, 
referred to as dual damascene, an electrodeposition step may be performed to fill vias, 
contacts and wiring on the substrate. Once the vias, contacts and wiring have been 
formed, the metal is planarized to remove excess metal overlying the dielectric layer. 

Chemical-mechanical polishing (CMP) is one method of planarizing a substrate. 
CMP typically requires that the substrate be mounted on a carrier or polishing head in a 
CMP apparatus. The exposed surface of the substrate is placed against a rotating 
polishing pad, and an aqueous polishing slurry is supplied to the polishing pad. The 
interaction of the polishing pad, slurry and substrate results in planarization of the 
substrate and removal of excess metal. The substrate is then rinsed, to remove the 
slurry, and dried in a controlled manner to minimize particulates and contamination of 
the substrate. 

Electrodeposition is one method of depositing a metal layer ("metallization") on 
a substrate. Electrodeposition requires that the substrate be suspended in an aqueous 
chemical solution. In one method the metal to be deposited is suspended in the solution 
and a voltage is applied between the substrate (cathode) and the metal (anode). This 
process is called "electrolytic plating" or "electroplating." In an alternative method an 
electrochemical reaction deposits the metal layer onto the substrate without an applied 
voltage. This alternative method is called "electroless plating." Again, as in CMP, the 
substrate is then rinsed, to remove the chemical solution, and dried in a controlled 
manner to minimize particulates and contamination of the substrate. 

Typically, substrates are dried in a controlled manner after any wet processing. 
This is because if substrates are allowed to dry by evaporation, contamination 
concentrations increase as the droplets of water evaporate, causing concentrations of 
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silicon and other contaminants on the substrate which can create defects. However, 

multiple clean and dry processes reduce the throughput. 

Summary 

In one aspect, the invention is directed to a method of manufacturing a 
semiconductor device. A metal layer is electrodeposited onto a substrate, and the metal 
layer is chemically-mechanically polished. The substrate is not dried between the 
electrodeposition and polishing step. 

Implementations of the invention may include the following. The metal may be 
copper. The substrate may be extracted from a slot in a cassette, transported to an 
electrodeposition station for electrodeposition, rinsed, transported to a chemical 
mechanical polishing apparatus for polishing, cleaned and dried, and returned to the 
slot in the cassette. The thickness of the metal layer may be measured prior to 
polishing, and the measured thickness may be used to modify a polishing or 
electrodeposition parameter. The thickness of the metal layer may be measured after 
polishing as well. 

In another aspect, the invention is directed to an integrated tool for fabricating a 
semiconductor device. The tool includes an electrodeposition station for 
electrodepositing a metal layer on a substrate, a chemical mechanical polishing 
apparatus for polishing the metal layer, and a substrate-handling robot for transporting 
the substrate between the electrodeposition station and the chemical mechanical 
polishing station. The electrodeposition station, chemical mechanical polishing 
apparatus and substrate-handling robot are disposed to form an integrated tool. 

Implementations of the invention may include the following. The tool may 
include a plurality of electrodeposition stations and the chemical mechanical polishing 
apparatus may include a plurality of polishing stations. The electrodeposition stations 
and chemical mechanical polishing apparatus may surround the substrate-handling 
robot in a cluster arrangement, or the substrate-handling robot may move along a linear 
path to carry the substrate between the electrodeposition stations and chemical 
mechanical polishing apparatus. There may be a metrology station to measure the 
thickness of the metal layer prior to polishing at the chemical mechanical polishing 
station. The metrology station may include a measuring apparatus which directly 
contacts the metal layer. There may be rinse station, a drying station for drying the 
substrate by means other than simple evaporation, a wetting station to rinse the 
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substrate with a solution which may include a surfactant, and/or a cleaning station. 
There may also be a load lock to receive and hold a cassette from outside the tool. 

In another aspect, the invention is directed to a method of manufacturing a 
semiconductor device in an integrated tool. A metal layer is electrodeposited onto a 
substrate at an electrodeposition station, the thickness of the metal layer is measured at 
a metrology station, and the metal layer is chemically-mechanically polished at a 
chemical mechanical polishing apparatus. A polishing parameter is determined by the 
measured thickness. 

Implementations of the invention may include the following. The 
electrodeposition station, the metrology station, and the chemical mechanical polishing 
station may be enclosed by a housing to form a single integrated tool. Measuring the 
thickness may include contacting a surface of the substrate with a metrology 
instrument. 

In another aspect, the invention is directed to a load lock. The load lock 
includes a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool, a vertically movable indexing arm, a support for holding a cassette 
connected to the indexing arm, and means for drying a substrate held in the cassette in 
the chamber. 

Implementations of the invention may include the following. The drying means 
may include a heater or a nozzle for directing air at the substrate. 

In another aspect, the invention is directed to a load lock. The load lock 
includes a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool, a vertically movable indexing arm, a support for holding a cassette 
connected to the indexing arm, and means for cleaning a substrate held in the cassette 
in the chamber. 

In another aspect, the invention is directed to a method of manufacturing a 
semiconductor device in which a substrate is withdrawn from a cassette, a metal layer 
is electrodeposited onto the substrate, the metal layer is chemically-mechanically 
polished, and the substrate is returned to the cassette. The substrate is not returned to 
the cassette between the electrodeposition and polishing steps. 

Implementations of the invention may include the following. The substrate may 
be cleaned or cleaned and dried prior to being returning to the cassette. The substrate 
may be rinsed with a solution which may include a surfactant prior to electrodeposition. 
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Advantages of the invention may include one or more of the following. A 
single tool integrates the electrodeposition and chemical-mechanical polishing 
processes. The danger of substrate contamination is reduced. The tool may have a 
single interface which accepts and returns a dry, clean wafer. The tool improves 
throughput by eliminating unnecessary drying and cleaning steps between the 
electrodeposition and chemical-mechanical polishing steps. In addition, by eliminating 
unnecessary drying equipment, the footprint and cost of the tool are reduced. 

Other features and advantages of the invention will be apparent from the 
description which follows, including the claims and drawings. 

Brief Description of the Drawings 

FIG. 1 is a schematic top view of an integrated tool for electrodeposition and 
CMP with a "linear" arrangement of stations. 

FIG. 2 is a schematic side view, partially cross-sectional, of a holding tub and a 
substrate-handling robot from FIG 1. 

FIG. 3 is a schematic cross-sectional view of an electroplating station from FIG. 

1. 

FIG. 4 is a schematic side view of a CMP apparatus from FIG. 1. 

FIG. 5 is a schematic top view of an integrated tool for electrodeposition and 
CMP with a "cluster" arrangement of stations and a dry- in/dry-out interface. 

FIGS. 6 and 7 are schematic cross-sectional views of a load lock from FIG. 5, 
incorporating a dryer and a rinser, respectively. 

FIG. 8 is a schematic top view of an integrated tool for electrodeposition and 
CMP with a "linear" arrangement of stations and a dry-in/dry-out interface. 

FIG. 9 is a schematic top view of another embodiment of an integrated tool for 
electrodeposition and CMP with a "linear" arrangement of stations and a dry-in/dry-out 
interface. 

Detailed Description 

In the following description, the term "substrate" broadly covers any object that 
is subjected to electrodeposition and chemical mechanical polishing. The term 
"substrate" includes, for example, semiconductor wafers and disks used for magnetic 
memory. 
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Referring to FIG. 1, a fabrication tool 10 provides a wet interface with the other 
tools in the fabrication process. That is, finished substrates from tool 10 are wet and 
require drying. The fabrication tool 10 includes a rinse or wetting station 12, an 
electrodeposition station 14 for metalizing substrates, a CMP apparatus 16 for 
planarizing substrates, and a substrate handling robot 18 for transporting substrates 
between the rinse station, electrodeposition station and CMP apparatus. 
Electrodeposition station 14 may be located on one side of the rinse station, and CMP 
apparatus 1 6 may be located on the other side of the rinse station. The robot 1 8 moves 
along a generally linear path to carry substrates between rinse station 12, 
electrodeposition station 14 and CMP apparatus 16. Each of these elements, i.e., rinse 
station 12, electrodeposition station 14, CMP apparatus 16, and robot 18, will be 
discussed in further detail below. 

One or more substrates 20 are brought to fabrication tool 10 in a cassette 22. 
The substrates 20 are supported in cassette 22 in a generally upright and parallel 
configuration. The cassette 22 is lowered into the rinse station, e.g., by hand or by the 
robot, for temporary storage. Each substrate 20 is transported to electrodeposition 
station 14 for metallization, and then to CMP apparatus 16 for polishing. Then the 
substrate is returned to the cassette. Once all of the substrates have been processed, the ~ 
cassette is removed from the fabrication tool. Although a cassette is generally used to 
hold multiple substrates, it is understood that a single substrate could be held in the 
cassette. Notwithstanding the foregoing, the description will generally refer to a 
cassette as holding multiple substrates. 

Referring to FIG. 2, rinse or wetting station 12 includes a holding tub 30 filled 
with a liquid bath 32, such as deionized water. The cassettes are stored in holding tub 
30 to keep the substrates therein wet. Cassettes may be placed at two cassette holding 
locations 34a and 34b, although the holding tub could have room for a different number 
of cassettes. By continuously circulating the fluid of liquid bath 32 through ports 38, 
e.g., with a filtration apparatus (not shown), the substrates may be kept clean. An 
ultrasonic generator 36 may be placed at the bottom of holding tub 30 to subject the 
substrates to megasonic cleaning. In addition, liquid bath 32 could include a surfactant 
to improve the electroplating process. 

Substrates are moved between the rinse station and the electrodeposition station 
by robot 18. Robot 18 includes a laterally moveable link 150 which descends from a 
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horizontal overhead track 152. The link 150 is rotatable about its vertical axis, and is 
extendable and retractable along that vertical axis. The robot arm also includes a blade 
154 which is pivotally attached to link 150 by a wrist assembly 156. Wrist assembly 
156 is rotatable about a horizonal axis. Blade 154 includes a vacuum recess (not 
shown) to vacuum chuck a substrate. In operation, link 150 extends so that blade 154 
descends into holding tub 30, the blade chucks the substrate, and then the link retracts 
to lift the substrate out of the liquid bath. Then link 150 moves laterally to carry the 
substrate to electrodeposition station 14. When the electrodeposition process is 
complete, blade 154 carries the substrate to CMP apparatus 16, and once the polishing 
operation is complete, blade 154 carries the substrate back to cassette 22. 

Referring to FIG. 3, electrodeposition station 14 deposits a metal layer, such as 
copper, on the substrate. Electrodeposition station 14 includes a chamber 40 containing 
an electrodeposition bath 42 and a substrate support assembly 46 to hold the substrate 
in the electrodeposition bath. In addition, electrodeposition station 14 may include a 
bath control system 44 to control various electrochemical properties of the 
electrodeposition bath, such as temperature, pH, and chemical concentration. Bath 
control system 44 may also include a waste treatment mechanism. 

Substrate support assembly 46 may include a vertically moveable base 48 and 
three or more vertically moveable and rotatable fingers 50 which project downwardly 
from the base (only two are shown in the cross-sectional of FIG. 3). To process a 
substrate at the electrodeposition station, a port 52 in a sidewall 54 of chamber 40 
opens, and blade 154 carries the substrate through the port into the chamber. The 
fingers 50 descend and rotate inwardly so that the finger prongs are beneath the 
substrate. Then the fingers are raised until they are just below the substrate. Then the 
blade releases the substrate by turning off the vacuum. Once the substrate is deposited 
on the fingers, the blade retracts. The fingers may then be raised to bring the substrate 
closer to the base. Finally, base 48 descends to lower the substrate into 
electrodeposition bath 42. Base 48 may spin during the electrodeposition process to 
rotate the substrate and thus improve deposition uniformity. When the 
electrodeposition process is complete, the above steps are performed in reverse order to 
remove the substrate from the electrodeposition station. 

If an electroplating process is to be performed, electrodeposition station 14 will 
include a metal anode 56 and a voltage source 58. Voltage source 58 applies a voltage 
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between the substrate and the anode to create an electrolytic reaction. Voltage source 
58 may be connected to support assembly 46 to provide an electrical connection to the 
substrate. 

On the other hand, if an electroless plating process is to be performed, then the 
anode and voltage source are not required. Instead, electrodeposition bath 42 will 
contain a chemical solution which autocatalytically precipitates the metal to be 
deposited. Electrodeposition bath 42 may include a metal ion source, a reducing agent 
for the ion source, a chelating or complexing agent for the released metal ions, and a 
pH adjustor. Other additives may be included in the bath to increase its stability and 
regulate the properties of the deposited layer. A more complete discussion of the 
chemistry of electroless plating is presented by Yosi Shacham-Diamond et al., in 
Electroless copper deposition for ULSI, Thin Solid Films 262, 1995, pp. 93-103,. the 
entirety of which is hereby incorporated by reference. Although fabrication tool 10 is 
shown with only one electrodeposition station, there could be multiple 
electrodeposition stations. The number of electrodeposition stations will be selected to 
match the throughput capacity of the CMP apparatus while minimizing the footprint of 
the tool. 

Once metallization is completed at electrodeposition station 14, the substrate is 
transported to CMP apparatus 16. Specifically, the substrate may be sent to the CMP 
station without being sent back to the cassette. Since both electrodeposition and CMP 
are wet processes, it is not necessary to dry the substrate between these two steps. This 
increases the throughput of the fabrication tool by eliminating an unnecessary step. 

Referring to FIG. 4, CMP apparatus 16 includes a machine base 61 which 
supports three polishing stations 60 and a transfer station 62 (only one polishing station 
is shown in the side view of FIG. 4). A more detailed description of CMP apparatus 
may be found in U.S. Application Serial No. 08/549,336, entitled, RADIALLY 
OSCILLATING CAROUSEL PROCESSING SYSTEM FOR CHEMICAL 
MECHANICAL POLISHING, filed October 27, 1995 by Perlov et al., and assigned to 
the assignee of the present invention, the entirety of which is hereby incorporated by 
reference. Although CMP apparatus 16 is shown with three polishing stations, there 
could be one, two, or more than three polishing stations. 

The three polishing stations form a generally square arrangement with the 
transfer station. Each polishing station 60 includes a rotatable platen 64 on which is 
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placed a polishing pad 66. Each polishing station 60 may include an associated pad 
conditioner apparatus 68 (see FIG. 1) to maintain the roughness of the polishing pad. 
Transfer station 62 may serve multiple functions, including receiving individual 
substrates from the robot, washing the substrates, loading the substrates into carrier 
heads, receiving the substrates from the carrier heads, washing the substrates again, and 
finally transferring the substrates back to the robot. 

CMP apparatus 16 also includes a rotatable multi-head carousel 70 positioned 
above the polishing stations. Carousel 70 is supported by a center post 72 and is 
rotatable thereon by a carousel motor (not shown) located within machine base 61 . The 
carousel 70 supports four carrier heads 74 (only two are shown in the side view of FIG. 
4). Three of these carrier heads receive and hold substrates and polish them by 
pressing them against the polishing pads of polishing stations 60. One of the carrier 
heads receives a substrate from and delivers a substrate to transfer station 62. The 
carousel may rotate to move the carrier heads between the polishing stations and the 
transfer station. 

During polishing, the platen rotates as each carrier head independently rotates 
about its own axis and independently laterally oscillates in a radial slot. A slurry is 
supplied to the surface of the polishing pad by a slurry supply port or slurry supply arm 
(not shown). The combination of the relative motion of the substrate and polishing pad 
with the slurry polishes the substrate. Once the polishing operation has been completed 
on the substrate, the carrier head moves the substrate to the transfer station, then the 
robot removes the substrate from the transfer station and returns it to cassette 22 in 
rinse station 12. 

Referring to FIG. 5, in another embodiment, a fabrication tool 10' is 
configured as a cluster tool in which multiple stations surround a central substrate- 
handling robot 18\ The fabrication tool 10' provides a dry interface with the other tools 
in the fabrication process. Specifically, fabrication tool 10' may include three 
electrodeposition stations 14 and a CMP apparatus 16'. In addition, fabrication tool 10' 
includes a dual load lock 80, a rinse/clean/dry station 82, and a metrology station 86. 
The number, type, and arrangement of stations shown in FIG. 5 are exemplary, and 
may be changed to provide an optimal throughput. Substrates are moved from one of 
the load locks 80 to electrodeposition stations 14' for metallization. One of the 
electrodeposition stations may serve as a wetting station to rinse the substrate with 
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deionized water which may include a surfactant to improve the eiectrodeposition 
process. In this case, the substrate is moved from the wetting station to another 
eiectrodeposition station for metallization. Once the metallization process is complete, 
the thickness of the deposited layer is measured at metrology station 86, and then the 
substrates are polished with CMP apparatus 16'. The substrates may be rinsed at a 
rinse/clean/dry station 82 or at transfer station 62 prior to polishing at CM? apparatus 
16' to remove acid from the surface of the substrate. Finally, the substrates are cleaned 
and dried at rinse/clean/dry station 82 and returned to load lock 80. It is understood 
that rinse/clean/dry station 82 may include any combination of conventional rinsing or 
cleaning or drying apparatus or process steps. 

Referring to FIG. 6, each load lock 80 serves as the entry and/or exit point for 
the substrates to fabrication tool 10'. One of the load locks could be dedicated as an 
entry port and the other load lock could be dedicated as an exit port, or both load locks 
could be used as combination entry/exit ports. The cassette 22 carrying substrates 20 is 
placed on a support 90 and loaded into load lock 80. Support 90 pivots to rotate 
cassette 22 into a load lock chamber 92 so that substrates 20 are arranged in a generally 
horizontal orientation. Support 90 is connected to a vertically moveable indexing arm 
96. A sliding door 94 closes to seal load lock chamber 92. One or more heaters 98 
may be located in load lock chamber 92, and a set of air nozzles 100 may be located at 
the ceiling of the load lock chamber. An inner wall 102 of load lock 80 includes a - 
generally horizontal transfer port 104 for the transfer of substrates into and out of load 
lock chamber 92. Indexing arm 96 may move support 90 vertically so that one 
substrate is aligned with transfer port 104. 

Returning to FIG. 5, robot 18' includes a rotatable base 1 10, two inner links 1 12 
pivotally connected to base 1 10, four outer links 1 16 connected pivotally to inner links 
1 12, and two end effectors 120, each connected to two of the four outer links 1 16, 
Inner links 1 12 may execute a scissors-motion so that one end effector moves radially 
inward and the other end effector moves radially outward. In addition, base 1 10 may 
rotate to swing the end effectors into a position adjacent the desired station. Base 1 1 0 
may also be vertically moveable. End effectors 120 may be provided with a vacuum 
recess (not shown) to vacuum chuck the substrates, with a mechanical clamp to grasp 
the substrate, or with another conventional substrate handling system. 
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In operation, one of the end effectors extends through the transfer port into the 
chamber of load lock 80. The end effector vacuum chucks a substrate and retracts 
radially to remove the substrate from the load lock. Then, base 1 10 rotates to swing the 
end effector into position adjacent an electrodeposition station. Finally, the end 
effector is extended to transfer the substrate into the electrodeposition station. Once 
metallization is completed at the electrodeposition station, the substrate is rinsed by 
robot Iff to rinse/clean/dry station 82 so that the chemicals from the electrodeposition 
process may be removed. Then, robot 18 f moves the substrate to transfer station 62 of 
CMP apparatus 16'. 

After the substrate has been rinsed, robot 18* retrieves the substrate and inserts it 
into metrology station 86 so that the thickness of the deposited layer may be measured. 
Metrology station 86 may measure the layer thickness with any of a variety of 
conventional techniques, such as ultrasound or x-rays. Further, the metrology 
information may be used to adjust subsequent electroplating of other wafers or it may 
be used to adjust the polishing of the measured substrates. For example, a polishing 
parameter, such as the total polishing time, could be adjusted, based on the measured 
thickness. Further, because the deposited layer will be polished by the CMP apparatus, 
it is permissible to use a metrology instrument which directly contacts the surface of 
the substrate. 

Alternately, the substrate may be retrieved from electrodeposition station 14* 
and be inserted into metrology station 86 before being rinsed. In this case, the rinsing 
may occur after the metrology step at either rinse/clean/dry station 82 or transfer station 
62 of CMP apparatus 16'. 

Following the metrology step, the substrate is transported to transfer station 62 
of CMP apparatus 16* for polishing. The process parameters of the CMP apparatus 
may be adjusted based on the measured thickness of the deposited layer. Once 
polishing of the substrate is complete, robot 18' inserts the substrate into rinse/clean/dry 
station 82. The rinse/clean/dry station 82 is intended to remove excess slurry particles 
which may have adhered to the substrate surface. The rinse/clean/dry station may be, 
for example, a combination brush/scrub cleaner with a centrifugal drier or a rinse bath 
with an IPA vapor drier. It is understood that the rinse/clean/dry station may include 
any combination of conventional rinsing or cleaning or drying apparatus. Finally, the 
substrate is returned to load lock 80. Since the rinse/clean/dry station provides a clean, 
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dry substrate to the load lock, fabrication tool 10' provides a dry interface with other 
tool in the fabrication process. 

Alternately, the rinse/clean/dry station may provide only rinse and clean the 
substrates, and the drying step may be performed at load lock 80. Heat from heaters 98 
and air jets from nozzles 100 dry the substrates so that the load lock provides a dry 
interface. Also, the thickness of the metal layer could be measured at metrology station 
86 after polishing, but before the substrate is sent to rinse/clean/dry station 82. 

Referring to FIG. 7, in another embodiment, load lock 80* incorporates a rinsing 
or cleaning fiinction and provides a wet interface. The bottom portion of chamber 92' 
is filled with a rinse bath 160, and nozzles 162 may be located on the ceiling of the 
chamber. To wash the substrates, indexing arm 96' lowers support 90' and the attached 
cassette so as to submerge the substrates in the rinse bath. In addition, nozzles 162 may 
spray a cleaning fluid on the substrates as they are lowered into the rinse bath. 

Referring to FIG. 8, in another embodiment, a fabrication tool 10" has a linear 
arrangement of stations and provides a dry interface. The fabrication tool 1 0" includes 
a load lock holding station 132, a series of electrodeposition stations 14", metrology 
station 130, CMP apparatus 16", a rinse/clean/dry station 134, and a robot 18" to move 
the substrates between the stations. It is understood that rinse/clean/dry station 134 
may include any combination of conventional rinsing or cleaning or drying apparatus 
or process steps. 

The load lock holding station 132 has several, e.g., four, cassette holding 
locations 140. Cassettes 22 are moved through a window 148 in a clean room wall 142 
into the load lock holding station 132 by a second robot 144. The second robot 144 
may take new wafers from the cassettes in the load lock holding station and either hand 
the substrate to robot 18" or insert the substrate into clean/dry station 134. The robot 
1 8" then receives the substrate, either directly from second robot 144 or from clean/dry 
station 134, and places it in one of the electrodeposition stations 14". 

Following the electrodeposition process, the thickness of the deposited layer is 
measured at the electrodeposition station, and the substrate is polished with the CMP 
apparatus. Once polishing of the substrate is complete, robot 18" inserts the substrate 
into rinse/clean/dry station 134. The clean/dry station may be, for example, a 
combination brush/scrub cleaner with a centrifugal dryer or a rinse bath with an IPA 
vapor dryer. Once the substrate has been cleaned, second robot 144 may extend 
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through port 146 in the clean/dry station to collect the substrate and return it to the 
original slot in the original cassette from which it was removed. Finally, the second 
robot may move the cassettes out of the load lock holding station for transportation to 
another tool. 

Referring to FIG. 9, in another embodiment, a fabrication tool 10'" provides 
another linear arrangement of stations. The fabrication tool 10 m includes dual load 
locks 80 ,M , an electrodeposition stations 14 m , a metrology station 86"*, a CMP apparatus 
1 6"', a rinse/clean/dry station 82'", and a robot 1 8"' to move the substrates along a 
substantially linear path between the aforementioned stations. The fabrication tool 1 0'" 
is compatible with a dry-in/dry-out interface. 

In summary, a fabrication tool which integrates an electrodeposition station 
with a CMP apparatus may transport substrates from the electroplating stations to the 
CMP apparatus without an intervening cleaning step. The substrate may be sent from 
the electrodeposition station to the CMP apparatus, without being sent back to the 
cassette which is the initial and final holder. In addition, the thickness of the 
electrodeposited layer may be measured at a metrology station prior to polishing 
utilizing an instrument which physically contacts the surface of the substrate, and this 
thickness measurement may be used to modify a processing parameter. Furthermore, 
the fabrication tool may have a single interface in which a dry and clean wafer is 
returned to the interface. 

Although the present invention has been described in terms of the forgoing 
embodiments, such description has been for exemplary purposes only and, as will be 
apparent to those of ordinary skill in the art, many alternatives, equivalents, and 
variations of varying degrees will fall within the scope of the present invention. For 
example, the holding tub 30 could alternatively be designed to employ active sprayers 
to keep the substrates wet and clean, rather than to maintain the substrates in a 
submerged condition; the transfer chamber of Figure 5 could employ sprayers to keep 
the substrates wet and clean; and the cassette may hold one or multiple substrates. 
Substrates could travel into and out of the electrodeposition station along different 
routes to provide higher throughput and cleanliness. Cassettes could be loaded into the 
load lock either by a robot in the tool or by factory automation. The scope, 
accordingly, is not limited in any respect by the foregoing description, rather, it is 
defined only by the claims that follow. 
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What is claimed is: 

1 . A method of manufacturing a semiconductor device, comprising: 
electrodepositing a metal layer onto a substrate; and 
chemically-mechanically polishing the metal layer; 

wherein the substrate is not dried between the electrodeposition and polishing 

steps. 

2. The method of claim 1 wherein the metal is copper. 

3. The method of claim 1 further comprising extracting the substrate from a slot in 
a cassette, transporting the substrate to an electrodeposition station for 
electrodeposition, transporting the substrate to a chemical mechanical polishing 
apparatus for polishing, and returning the substrate to the slot in the cassette following 
polishing. 

4. The method of claim 3 further comprising cleaning the substrate prior to 
returning the substrate to the cassette. 

5. The method of claim 1 further comprising measuring the thickness of the metal 
layer prior to polishing. 

6. The method of claim 5 further comprising using the measured thickness to 
modify a polishing parameter. 

7. The method of claim 5 further comprising using the measured thickness to 
modify an electrodeposition parameter. 

8. The method of claim 5 further comprising measuring the thickness of the metal 
layer after polishing. 



9. The method of claim 1 further comprising rinsing the substrate between 
electrodeposition and polishing. 
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1 0. The method of claim 1 further comprising cleaning and drying the substrate 
following polishing. 



11. A integrated tool for fabricating a semiconductor device, comprising: 

an electrodeposition station for electrodepositing a metal layer on a substrate; 

a chemical mechanical polishing apparatus for polishing the metal layer; 

a substrate-handling robot for transporting the substrate between the 
electrodeposition station and the chemical mechanical polishing station; and 

wherein the electrodeposition station, chemical mechanical polishing apparatus 
and substrate-handling robot are disposed to form an integrated tool. 

12. The tool of claim 1 1 further comprising a plurality of electrodeposition stations. 

13. The tool of claim 1 2 wherein the electrodeposition stations and chemical 
mechanical polishing apparatus surround the substrate-handling robot in a cluster 
arrangement. 

14. The tool of claim 12 wherein the substrate-handling robot moves along a linear 
path to carry the substrate between the electrodeposition stations and chemical 
mechanical polishing apparatus. 

15. The tool of claim 1 1 wherein the chemical mechanical polishing apparatus 
includes a plurality of polishing stations. 

16. The tool of claim 1 1 further comprising a metrology station to measure the 
thickness of the metal layer prior to polishing at the chemical mechanical polishing 
station. 

17. The tool of claim 16 wherein the metrology station includes a measuring 
apparatus which directly contacts the metal layer, 

1 8. The tool of claim 1 1 further comprising a rinse station. 
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19. The tool of claim 1 1 further comprising a drying station for drying the substrate 
by means other than simple evaporation. 

20. The tool of claim 1 1 further comprising a wetting station to rinse the substrate 
with a solution. 

2 1 . The tool of claim 20 wherein the solution include a surfactant. 

22. The tool of claim 1 1 further comprising a cleaning station. 

23. The tool of claim 1 1 further comprising a load lock to receive and hold a 
cassette from outside the tool. 

24. The tool of claim 23 wherein the load lock includes a drier to dry substrates. 

25. A method of manufacturing a semiconductor device in an integrated tool, 
comprising: 

electrodepositing a metal layer onto a substrate at an electrodeposition station; 
measuring the thickness of the metal layer at a metrology station; and 
chemically-mechanically polishing the metal layer at a chemical mechanical 

polishing apparatus, wherein a polishing parameter is determined by the measured 

thickness. 

26. The method of claim 25 wherein the electrodeposition station, the metrology 
station, and the chemical mechanical polishing station are enclosed by a housing to 
form a single integrated tool. 

27. The method of claim 25 wherein the measuring the thickness includes 
contacting a surface of the substrate with a metrology instrument. 

28. A load lock, comprising: 

a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool; 
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a vertically movable indexing arm; 

a support for holding a cassette connected to the indexing arm; and 
means for drying a substrate held in the cassette in the chamber. 

29. The load lock of claim 28 wherein the drying means includes a heater. 

30. The load lock of claim 28 wherein the drying means includes a nozzle for 
directing air at the substrate. 

31. A load lock, comprising: 

a chamber having a port for transferring a substrate from the load lock to an 
interior of a tool; 

a vertically movable indexing arm; 

a support for holding a cassette connected to the indexing arm; and 
means for cleaning a substrate held in the cassette in the chamber. 

32. A method of manufacturing a semiconductor device, comprising: 
withdrawing a substrate from a cassette; 
electrodepositing a metal layer onto the substrate; 
chemically-mechanically polishing the metal layer; and 

returning the substrate to the cassette, wherein the substrate is not returned to 
the cassette between the electrodeposition and polishing steps. 

33. The method of claim 32 further comprising cleaning the substrate prior to 
returning the substrate to the cassette. 

34. The method of claim 32 further comprising cleaning and drying the substrate 
prior to returning the substrate to the cassette. 

35. The method of claim 32 further comprising rinsing the substrate with a solution 
which includes a surfactant prior to to electrodeposition. 
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36. The method of claim 32 further comprising rinsing the substrate prior to 
polishing. 



17 



WO 99/25004 



PCT/US98/19436 



1/4 




F/G..2 



SUBSTITUTE SHEET (RULE 26) 



WO99/25004 



PCT/US98/19436 



2/4 




F/G._3 




SUBSTITUTE SHEET (RULE 26) 



WO'99/25004 



PCT/US98/19436 





WO 99/25004 



PCT/US98/19436 



4/4 





F/G..9 

SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 HO1L21/Q0 H01L21/321 HG1L21/288 



According to International Patent Classification (IPC) or to both national classification and IPC 



Intern -\al Application No 

PCT/US 98/19436 



B. FIELDS SEARCHED 



Minimum documentation searched (classificalion system followed by classification symbols! 
IPC 6 HG1L «t»n.ymoo», 



Documentation Manned other than minimum documentation to the extent that such document! are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant 



Reewant to claim No. 



EP 0 692 554 A (MATSUSHITA ELECTRIC INO CO 
LTD) 17 January 1996 



see page 2, line 51 - line 55; 

see page 3, line 29 - line 58 

see page 4, line 18 - line 26 

see page 7, line 25 - page 8, 



figure 2 



1-4, 
32-35 
5-8 
9,36 



ine 32 
ET AL) 6 July 



US 5 225 034 A (YU CHRIS 
1993 

see column 1, line 64 - column 2, line 24 
see column 3, line 14 - line 53 



1,2, 
32-34 



"*X"j Further documents are fated in the continuation of box C. 



m 



Patent family members are Ksted in annex. 



Special categories of oted documents : 

'A' document defining the general state of the art which is not 
considered to be of pa/ti outer relevance 

E* eerier document but published en or after the international 
filing date 

V document when may throw doubts on priority clatm(s) or 
which is a ited to establish the pubtnation date of another 
citation or other special reason (as speosled) 
O* document referring to an oral disclosure, use, exhtation or 



T later document published after the international filing date 
or pnorrty date and not in oonffiot w4h the application but 
cited to understand the prwexjie or theory underlying the 



P* document published phcrto the international filing date but 
later than the priority date claimed 



"X" document of particular relevance; the darned invention 
caftrMtboconsto^rednove4oreannotbeoonsKlered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the darned invention 
cannot be considered to involve an inventive step when the 
occument bicornbmedwRh one or more other such docu- 
ments, such combination being obvious to a person stalled 
in the art 

'&* dooument member of the same patent famnV 



Jate of the actuaJ oornpietion of the international search 

18 December 1998 


Data of mating of the international search report 

U 04.1399 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Paten tiaan 2 
NL • 2280 MV Rifswi^t 
Tel. (+31-70) 340-2040, T*. 31 651 epont, 
Fax; (+31-70) 340-3016 


Autherueo: officer 

Hamdani, F 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Into rr nal Application No 

PCT/US 98/19436 



C( Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Cftibon of document, with indication, where appropriate, of thm relevant paaaagea 



Relevant to olaim No. 



US 5 559 428 A (LI LEPING ET AL) 24 
September 1996 

see abstract; claims; figures 1,4,5 
see column 1, line 18 - column 3, line 46 
see column 10, line 53 - column 11, line 
17 

US 5 478 436 A (WINEBARGER PAUL M ET AL) 

26 Decenier 1995 

see column 1, line 13 - line 47 

see abstract; figures 

EP 0 805 000 A (MEMC ELECTRONIC MATERIALS) 
5 November 1997 
see abstract 

see column 1, line 5 - line 37 



5-8 
25-27 



4,10 



10 



Form PC T/lSAtt 10 {oonfcnujtoon <* »«oona (July 19921 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



lm. .lational application No. 

PCT/US 98/19436 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 



This International Search Report has not been established in respect of certain claims under Article 1 7(2)(a) tor the following reasons: 
1. [^] Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2. Q Claims Nos.: 

because they relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, specifically: 



3. Q Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4{a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 



1 | I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' — 1 searchable claims. 

2 - Q *" 3earchab<e dajms searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. I | As only some of the required additional search fees were timely paid by the applicant, this Internationa] Search Report 
1 — 1 covers onry those claims for which lees were paid, specifically claims Nos.: 



4. LJ No required additional search fees were timely paid by the applicant Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

1-18, 25-27, 32-36 



Remark on Protest Q The additional search fees were accompanied by the applicant's protest. 

| | No protest accompanied the payment of adc&onai search lees. 



Form PCT/1SA/21 0 (continuation of first sheet (1 )) (Jury 1998) 



International Application No. PCT/US 98/19436 

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 2 10 

1. Claims: 1-10, 25-27, 32-36 

Method for semiconductor device comprising electrodeposi ting 
a metal and CMP. Prior to the polishing step, the thickness 
of the metal layer is measured (claim 5). 

2. Claims: 11-24 

Integrated tool conprising an electrodeposi t ion station, a 
CMP apparatus and a substrate-handling robot. 

3. Claims: 28-30 

Load lock with drying means. 

4. Claim : 31 

Load lock with cleaning means. 



INTERNATIONAL SEARCH REPORT 

..uormation on patent family members 



Inter mal Application No 

PCT/US 98/19436 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
date 


EP 0692554 A 


17-01-1996 


0E 


69507389 0 


04-03-1999 






JP 


8G83796 A 


26-03-1996 






US 


5645628 A 


08-07-1997 






US 


5795828 A 


18-08-1998 



US 5225034 A 06-07-1993 US 5354490 A 11-10-1994 



US 5559428 A 24-09-1996 JP 8285514 A 01-11-1996 

US 5731697 A 24-03-1998 



US 5478436 A 26-12-1995 NONE 
EP 0805300 A 05-11-1997 NONE 



Porni PCT/1SA/210 (ptttffl (arwy anrwi) (July 19921 



